The germicidal action of chlorine and chlorine-yielding compounds has been studied by a number of investigators. However, two important variables were not considered: the effect of pH changes and the distinction between free available, combined available, and combined chlorine.
Studies conducted by Tilley and Chapin (1930) on anthrax spores indicated that nitrogen trichloride, chlorine in neutral solutions, and chlorine plus N/50 HCl were effective in 15 min with available chlorine concentrations of 10 mg per L or more. In a more recent study (Fair et al., 1947) , titratable free chlorine residuals of 1 and 3 mg per L produced a 99.95 per cent kill of Bacillus anthracis spores at pH 5.0 and 25 C in 60 and 30 minm, respectively. Based on the amount of hypochlorous acid present, Moore (1951) stated that 3 mg per L produced 100 per cent kill of B. anthracis spores in 30 min at 25 C.
This investigation was undertaken to determine the effects of free available chlorine, hereinafter referred to as FAC, upon the spores of Bacillus globigii (Bacillus subtilis morphotype globigii) and Bacillus anthracis under the following conditions: (1) hydrogen-ion concentrations of 6.2, 7.2, 8.6, and 10.5; (2) exposure temperatures of 4 Studies were also made to determine the medium which would attain maximum sporulation of the test organisms under specified conditions. A mineral medium containing 0.1 per cent Casamino acids, 0.25 per cent glucose, 0.5 per cent yeast extract, 0.01 per cent manganese sulfate, 0.0001 per cent ferrous sulfate, and 3 per cent agar, adjusted to pH 6.8 with sodium hydroxide, provided the greatest number of mature viable spores.
Vegetative cell autolysis. The presence of vegetative cells in spore suspensions might lead to endogeneous respiration, resulting in the germination of spores during FAC evaluations. Germination of the spore suspensions under the conditions of the investigation could result in spurious observations. Autolysis obtained by a combination of heat shock plus incubation at 45 C, for 24 hr, proved to be the most efficient method for destroying vegetative cells. Data on the influence of varying hydrogen-ion concentrations are shown in figure 2. At lower pH levels, B. globigii spores were markedly more resistant to FAC than spores of B. anthracis. As the pH level increased, the relative resistance of the test spores approached unity.
Effect of time exposure. Figure 3 shows typical survival versus exposure time curves for B. globigii. Similar curves were obtained in exposures of B. anthracis spores. The time lag, before the effect of the FAC on spores became apparent, was observed at all temperatures and pH levels, but was less pronounced with B. anthracis than with B. globigii spores. This apparent lag phase was also observed by Levine (1952) in his studies concerning the chlorination of B. metiens spores. Figure 3 indicates that the theory of treating the disinfection process as a first-order reaction (Chick's Law) is not justified in this case.
In all of these tests there was some decrease in the Figure 4 shows that at all pH levels almost 4 times as much exposure was required to produce a 99.99 per cent kill of the B. globigii spores at 4 C as compared with 22 C. B. anthracis required 3 times as much exposure under similar conditions at 4 C as that at 22 C (figure 5).
In figures 4 and 5 inclusive, the lines have slopes near to unity. Thus in the formula:
where C is the FAC concentration, t is the exposure time required for a 99.99 per cent kill; K is a constant for a given organism, pH and temperature; and the exponent n is approximately 1 for both test organisms.
Effect of hypochlorous acid concentration. The reaction between chlorine and water can be represented as follows:
Hypochlorous acid has an ionization constant of about 3.5 X 10-8 at 22 C and 2.2 X 10-8 at 4 C (Fair et al., 1947) . Thus at pH levels below neutrality, the bulk of the hypochlorous acid is in the un-ionized form and at higher pH levels it is largely ionized. The bactericidal effectiveness of HOC1 is much greater than that of the OC1-ion. Their relative effectiveness in killing spores is of the order of 100 to 1. Figures 6 and 7 When the amount of FAC used in these observations was expressed in terms of hypochlorous acid, it was found that approximately the same concentration of HOCl was required at all pH levels at 22 C to achieve a 99.99 per cent kill.
